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"Ff3¢ October 22, 1959

APPLICATICH OF A MINICCIPUTER TO TRATFFIC CONTROL

By Les Kubel and Les }Miller

INTRODUCTION :

A study was initiated in August, 1939, to attempt to
learn more about the applicability of mlﬂlcomﬂﬂLera (snull
relatively _nexpcn01VQ digital computers) to the field of
traffic control. Prescnt appTv ation of digital computers to
trafiic control is primarily restricted to atbeuots at con-
trolling larze blocks (L00 or more) of intersections with one
large digital computer. Since the advent of nlﬁlcohpubu.s,
it appears there may be some advantages to their utilization
for control of small groups of intersections (5 or less) or
even single inters long. This study evaluates somaz of the

S

ect
poLe1t1a1 applications of these minicomputers in the field of
traffic control.

CONCLUSTIOIS AITD RECOLLTINDATIONS

The use of a ninicomputer for trafific control research
offers many advantages over conventional resegrcn tools., Most
important of these, is relievirg ma any 0f the present hardirare
restraints. A resecrcher could think in terms of hou traffic
should be controlled rather than hov can trafific be nost
effectively controlled with the equipment presently available,
regent traffic

The use of minicomputers in 1ieu or ja¥s
1 ces, The tremendous
co

controllers can be econonical in many ix
flex1b|11tj and capability adventages o omputer should be

exploited. It is recomnended that a trie uter controlled
*nte?se tion be installed so thet this concept moy be evaluaced
under actual field operating conditd

PROCEDURE

In order to examinge thec possibilitiecs of using a general
purpose computer as a traffic sigaal controller, several curvenc
controller types were simulated on a llewlett Packard liodel 21140
commuter., fnls simnly awounied to prqgrafmiﬁg th% coiutesr to
act like & con:twoller, A "Type I ana a "Iype LIV comntrolle
were s*nulaze; boih with and uithout pedestiian nhoscs, n;so,

atroller was simulaved. The

an elgsht phase loop occupancy co
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limiting factor in deciding vhich controllers were to be
simulated vas never tho computer. The most important factor
for the purposec of this vork wvas relative ease of demonstra-
tion, A Type III controller with variable sapping was
considered but the involved nature of this controller does not
lend itsels to simple demonstration., The program for a

Type III controller, howvever, appears to be a simple extension
of the Type I program. Almost any characteristic vhich could
reasonably be built in a hardwired controller could be hendled
by the 2114A, An attempt vwas made to write subprograms for
the 211ZA that would be useful for more sophisticated con~
trollers.

After the programs were wiritten and debugsed, the
"controllers" were demonstrated to members of the Division of
Highways Traffic Departuent and discussions regarding the use
of this concept were held. Cost and reliability comparisons
with present traffic control equipment were made.

+
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DISCUSSTON :

The particular 2114A used wvas equipped with
thousand word memory. Fach word contained 16 b
size proved quite adequate. The most sophistic
programs considered used about one thousand words o]
and over a third of these vere used for various contir
of the computer and would not be extended for rore sophis
controllers., The 2114A used was not equipped to handle a
matic restart in case of power failure. This could be handled
by a standard option available on most small computers.
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The general purpose computer contains a generalized set
of logic circuitry and a memory. The logic circuitry is capable
of performing logical operations, arithnctic operations, comwpari-
sons, and input or output operations, The menery countains a
list of instructions telling the lomic circuitry vhat to do. In
addition, the memory may also remember conditions or constants
as required by the prosram. The general purpose compute; can
input timing pulses and actuvatioas from detectors and based on
these inputs, it can output signals to traffic lights.

b

Present day traific control eguinment contains a .
Specialized set of logic elrcultry designed to perform a specific
task, 01 equipnment renembers timing constants by virtue of
adjustable front penel contzols, To alter the inherent opera=
tional mode of this equinnent sencrally means couplete recesizn
of the lopic circuitzy., The computer, using generalized logic
circuitry, can simply be reprograrmed to react in almost any

P ]
operational node desired.
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A better understanding of the advantazes of a computer
can be obtained by looking at intersection control from a brozder
sense, From a mathematical sense, a controller is a tine
dependent multiport network; or if you prefor, a black box. The
black box has a set of inmputs from the detectors and a set of
outputs to the traffic lights. Based on the condition of its
inputs, the state of the box, and timc, the box sets the outputs,
The box makes its decisions by a2 detailed exzamination of the
current conditions, If the box is in the proper state and if
the proper detectors are actuated, and if the time is right, the
outputs will change. 1In controlling a single intersection in a
givea manner, it makes little difference if the black box is a
digital computer or a harduired controller, Both are capable of
making all of the necessary decisions, The advantaces of the
computer lie in the ease with which it can be re-educated to
respond to a different criteria,

The black box must know the algorithm used to make the
decision. In the case of the hardwired controller, the algorithm
is left to the manufacturer, He decides what conditions will
allow a change of state, and these conditions are built into the
controller, If a chenze in operation is desired, the controller
must be returned, redesigned, and rebuilt., Each chanze is a
matter of adding circuits and reuviring the unii. These changes
are expensive and time consuming. In the computer, howvever, the
algorithm is its program. It is stored in its memory and it may
be changed by reloading the memory. The reloading is accomplished
by reading a punched tape with a teleprinter. This can be
accomplished in a matter of minutes, and the entire operation of
the black box can be changed., The same general purpose commuter
can be a pre-timed two phase controller or a traffic actuated
eight phase contrxoller with pedestvian phases. MNost low cost
general purpose computers available today are capable of several
hundred thoucand basic operations in 2 second. Processes far
more complicated than those fouad in current traffic controllexrs
are possible and, therefore, the genecral purpose computer could
be used to try ncw ideas in traffic control without undergoing
expensive harduvare changes.

Prograrming the cormputer really involves little more
than the {irst step in the construction of a harduired controllex,
This step, in either case, is making & detalled step by step
analysis of what nust be done. Such an analysis will alwmost
immediately translate into a computer program. Fron nere the
program is fed into the computer. In har
this is only the first step in a long proce
controlle:.

byl 3

red controllers,
s to produce a final

D =
|

CHirPD vrryvrsfastoTcom


http://www.fastio.com/

-lim

Specifications and testing of computer systems would
be easier since the hardvare for all systens would be virtually
identical. The only differences would be in the inputs or
outputs or the size of the memory. 'Softvare" computers are
easier to test than their "hardwired” cousins. Special diag-
nostic progrens ave available vhich use the computer to check
itself, By seeing what the computer does with the progran,
the technician can locate troubles in a short time. Since all
of the computers are essentially the same, the technician does
not have to worry about the special features required by a
certain intersection, This could save a considerable amount of
time,

Softwired computers hold a slight edge in reliability.
The amount of electronic circuitry in the HP 2114A is approxi-
mately the same as that in an eight phase full actuated con-

troller, This dees not include the memory cores themselves,
but these have been found to be virtually 1007 reliable. The
only knowm failures of menory cores have been mechanical fail-
ures, and they are considered very ruzged. Using a computer
with an eight bit word instead of the sinteen bit word in the
21144 should eliminate about 30% of the circuitry and cause a
proportional increase in weliability. Additionally, the iden-
tical design of the computers should increasc the reliability.
Many of the failures in curvent harduired controllers are caused
by design errors., Softwired computers can be thoroughly tested
for design errors,

From a physical standpoint the commuter and current
controllers are about the same size and consume comparable
amowmmts of pouer.,

Looking towards the future, the corputer should have
further gains. The next breakthrouzh in computer pricing should
result from large scale integrated circuits. arge scale
integreted civeuits (LSI) are beconing available now and they
should be quite economical in e very Zfow years. By ilts nature,
however, LSI is practical only vhere a lerge number of identical
circuits are nceded. Hardwired controllers are relatively low
production items end the varied noture of each one does not

make them suitable for LSI, Cormputers ave produced in suitable
quantities to malke LSI very pxractical,

In the last few months, computers using read-only
memory have become evailable. This menory can be used to store
the progrem, These memories are checper and reguire less
associated electronic circuliry. Programs are gsually loaded
by punching holes in plastic shects. To pe U??:Plg the computer
needs a small area of scratceh ped menory in which it cen boih
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read and write. Large and medium scale integrated circuits
are becoming ava ilaale to £ill this neccd., This memory will
forget during a power fail but 91ythlng essentizl COWlA be
stored in the Lead only nemory ith the read-only menory,
teleprinters vould be unnccossary., Re-programming *oulc be
accorplished by chaaging the snects., Some corputers using
this are availzble nowv for cons iderably less then $5000. As
yet these machines are too small to be useful, but immrove-
ments will be forthcoming,

O

=

The general purposc computer has one other advantag

It could be 1nter:ﬂcea with a recording device to record tue
tranxlc f£low throush the 11Lers tWOﬁ. An Incremental magnetic

tape drive could be used, and the recording could be done
SlﬂLTL“DeO”P_j with the con"“oL. The tape recorded by the
comuter cou?d be analyzed at the Division's Computer Center.
Maximuh end average vaiting times as well as overall traffic
flow could be computed. Spc ial analy31g of peak traffic
periods would be pOSoLDle.

There are sone problems associated with the use of a
gene;al purpose computer for control of single or small groups

T

of intersections. The ey are price, ens lrouﬁent and man-nechine
interface,

The environmental problems may disappear in a few years
at no added cost. The environmental problems now arise £rom
both the nemory and the intezrvated circuitry. Recent develop-
ments in memories have made poQ31ole lot7 cost memories that
will work over ULde temperature rantes. Some of the most recent
entries in the small computer meriizl use these memories. The
temperature ro“fe for 1nLe¢£atLL circuits has been increasing
steadily for the past few years and this trend should continie.
Irmroveﬁeﬂhu in quullt] contwol have already elininated some of
the very low ranze I.C's prevalent a few 3 /ea:s aso. High range
I.C.'s are available now et ve: 'y little increase in cost and in
a few ycgfs hish temperature I.C,'s may replace current low

cost I1.C.,

The price of snall cowputers currently aveilable makes

then corpetitive with only the more corplex sisnal control

qstﬁllatlono. A computer using Zouw thous and vords of eizht
bit memory should be «dequate. Computer cycle tine cen be “slow,
Sophisticated hardrave ingtruction sets ere not necessary.
Corputers of ans clegs are currently svailable with a2 base
price of under $5000. Ianput and outpul mategfacc must be sup-
plied. A teleprinter and its inter;ace would not be neccegar
at every installetion., It is used only in the initdal program-
ming of the computer. This could save up to 32020 on an )
installation. Uith this reduction a compuler sgystem could cosl
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getwcen $3000 and $9000 complete with input and output intei-
ace.

Man machine intevface to the computer is accomplished
by means of purogremning. lost small computers utilize asscﬂoly
language programs, Ca?cbly experienced asscﬂal] lanzuage pro-
grammers are not pleﬂLA'Ll. Therefore, any significant utiliz-
ation of this type of approach would D“Ooaoly reguire sone
programer training effort, Meintenance training would also be

=

POTELNTTIAL APPLICATIONS

A small general purpose dlgital computer could be of
Signiilcant use as a research tool, The exitreme flenLulllLy
of this machine would allow a traffic researcher o free his

mind of the equipment vestraints. Alrost any algorithn he

chose to use to convert inputs into outputs could be 1lple“ﬂ1ted
by programming, He would no longer have to scratch for equip-
ment which would approzimace a desired control concept

More than one control concept could ceadlly be tried
at the same interscection and the results compared, If
suitable criteria for control effectiveness could be established
and measured, recording could be nmade on mas gnetic tape and
relative system effectiveness could be evaluated by computer,

Using the 2114A as a basis, a complete traffic control
research sy Otﬂﬂ, vith ma gnetic tape recording capability, misht

1nvluae tne folloving

HP 2114A with &k memory $ 9,950
Memory Parity Checx (this option monitors

the computer's operation) 1,000
Automatic Restart 500
Teleprinter and Interface 2,000
Microcircuit Interfacing (for input and

output of data - 15 lince per bozaxd,

2 boards needed & $750 1,500
Incremnental Tape Drive and Interface 6,250
Additional Driver Circultry to zo betw eoqh

load switches Jobehio:s and microcircuit

interface boards -~ estimated cost 600

21,500
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o I? agdltéon to this equipment, a complete controlling
System would require detectors, load switches, failsafe monitor-
ing x}ashers, and cabinet, The equipment should be suitable
for field use except for temperature. Temperature restrictions
on the computer and tape drive vill require cooling the cabinet.
Computers can be menufactured to moet the Cemperature range
required but the cost for producing a small number of these
could be very high, while the cost of air conditioning a trial
system should be low, .

The flexibility and capebility of the general purposc
corputer may make it a practical controller for non~einerinental
purposes., The extreme flexibility of the computer allovs it to
be custom programmed to match truly unique intersections., This
would make available traffic actuzted control vhere previously
this was difficult, Complete ox pariial overlap is simple, and
unusual conflicting phases could be avoided. There is ao real
reason why non-conflicting phases should ever have to wait whon
a computer does the controlling,

Programaing a computer for traffic control in special
cases will remain difficult but almost any systen currently
covered by our Standard Specifications should be covered by a
combination of standawd subprosraiis, It is indeed quite con-
celvable that one of the computers in the computer section could
be taught to program each individusl case. A traffic enZineer
would describe the interxsection in general terms to the computer
and the computer would prepare the prozram. If desired, the
program could be sent by standard teletype to the signal meinte-
nance station in charge of the controller.

&

Where the economics of input-output comaunication
between intersections permits, multiple intersections could be
controlled from one corputer. Rach individual intersection
could still be countrolled independently, coordinated or both as
desired,

The cost to replace a hexduired controller with a
minimum computer is estimcted as follows:

Basic Computer with K-8 Bit lemory $ 5,000
Automatic Restert 500
Input-Ouiput Interface 1,500
Additional Driver Circuitlry 600
Memory Parity Check 1,000
Air Conditioning 300

Total $ 8,900
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Programming costs should also be included; hovever,
they should become insignificant when prorated over numerous
installations, The total estimated cost is roughly $1000 to
$2000 higher than a full eisht phase modular solid state
hardvired controller. If multiple intersections in close
proximity to each other were controlled by minicomputer, it
is highly likely that the economic balance would swing to the
side of the conputer,

Softwired computers could prove much rore economical
in a few years, Aside from being more sophisticated and more
capable, they can be changed easily to neet nev demands. They
should be compatible with vhatever the future holds for traffic
control,
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